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PRA TT & WHITNEY DESIGN CHOICE BASED 
ON FUNDAMENTAL PRIORITIES 



Priority 

1 


2 


3 

4 


Safety 


Reliability 


Cost 


Performance 


Retention of fission products 
Robust design/simple operation 
Emergency operation 

Design life = 4X operational 
Fundamental material compatibility 
Positive coolant flow management 
Retention of fuel/stoichiometry 
Low developement risk 

Ground qualification 
Exploration architecture 

High thrusMo-weight 
High specific impulse 


PRATT & WHITNEY XN112000 CERMET N1I1E 




i Tall. ft WliJinry PrsUiu f’liniyc Rased mi himLimrnl.il IThuillrs 

A prrfrtird Pi all A Whlliicy cniuepliial Nuclear Tlirnii.il Itnrkcl I'nglnr, WIHK. has Iiccii designed based oil III r limdaiitrtilal 
NASA priorities ol safely. icliahlllly. rnsl. ami pci lot main e. The basic philosophy nndei lying llic design ol I hr XNIt2(HH> Is IIm* 

III llt/ul lull ol I lie moM tellable hum ol nlliahlgli leinpeintuie nuclein loci him I development ni u coir roullgimtlUm which W 
optimized for iinllonii power dish Ibid ion, o| wr.it lima I I legibility. |*owri maiicuvn ability, weight, and robustness. I lie PAW NTKK 
system employs n fast S|KX-truui. cermet furled reachn configured In an cxpaudei cycle lo ensure maximum operal tonal safely. 

'Hie cermet I net lonn provlilcs retention ol fuel and fission (iiishirls as well as htpli sliniglh tor a simplified structural design ami 
loleranre lo power mid Icnipctalnrc cycling. Sy.slciii icliahlllly has Iiccii addtrssed hy (he list: ol ccnncl based fuels, mode rale 
reactor temperatures. and a 1 wo- pass i ear lor liuwpalh. Hie irerinet, rrlrachny mdal fuels provide fundamental material 
compatibility in I lie cX|Mttled operating riivlinnmeul as will as iHrnltoti of I ml and stoichiometry The two pass reactor has Imwii 
(I f Allied (o n <1X lilt* mpilmiit'iil mid pitivuleK pusHIvr ntnl.inl llmv iiutiuigirmcnt. A ImscIIiiu 25, 000 II) iJinml level is used lo 

iiiliilinl/.e ground rpiallltcallon costs ami niaxinil/.c ex plural Ion mission appllcahlllly. I’lnally. the PAW NINE has been designed lo 
provide high specific Impulse at a high Uintst- to- weight level. 
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XNR2000 SYSTEM CONFIGURED AS AN 
EXPANDER CYCLE 



Dual 

turbopumps 



PRATT A WHITNEY XNR2000 CERMET NTRE 
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XNR21XX) System Oonligmcd As An Expander Cycle 

Flic expander ack was selected for the proven rcliahilhv inhnsiticss and lit eh efficiency in meet NASA requirements Tlie XNR2<XXI expander exek rocket 
engine uses heal pick-up in the no/zk. chamber, red ector regions, and regenerative cooling of the pressure vessel and upper plenum structure 10 dine ilie 
pumping svstem and dclivei hvdrogen to ihe lower plenum nf the reactoi core The rumor heats the hydrogen in a two-(»ss flow configuration and 
delivers ihe hydrogen piupellani to lltc nozzle cliainlici tv Me expansion itifo«ij»li a Mm area i.itm nozzle. I lie rcaUirr is unupriscd of an outer a run ih is 
core of Wl Mo-U02 prismatic fuel ckmcnts and an inner cxlmdncal core of 6 1 W-U02 pnsinatic fuel elements An upper reflector, integral with the fuel 
elements, is used 10 provide axial neutron reflection and is * (tinpiisrtl uf Hot) An miter annulus ol He surrounds the reactor and serves as ihe radial 
reflector 

The baseline XNK2000 operates at propellant chamber tempera line .it Vi hi K m<| chamber pressure of 7hti psi to delis cr 25.IKHI lbs thrust at a specific 
impulse of **hi seconds 
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NP-TIM-92 


REACTOR CONFIGURED FROM PRISMATIC 
FUEL ELEMENTS 




XNK21KHI Hriichu Is ionliguial l*'i uni hkHiuilIt; Ind I'lrunni^ 

A medial pi. me radial »i»ss suction of live XNll’iOlH) N’llM'. Is shown. looking down al the engine, hydrogen eiders Hie older 
aimnl.tr ring or Inrl i letnriils (oiishadrdl Hows tip and Is I tii-n directed Ihiniigh l he Hitter cylinder of Inel elements (shaded) and 
Hows down. Tile rrnss sort Ion displays the baseline mill ml appioarii selrrhd lot ihr XNK2000. One |Hi.ssihle opllon loi pmvldillg 
rcdiindnitl icacl or shtll down control would lie llte Inset (Ion of lit- rods inside I he ludlal support lubes sliown in Hie medial plane 
cross section. The Iwh emild he tnchnlcil in Hit* design to pievcnt inadvciluut tear lot excursions timing I tanspnrlatloii, pre- 
lannrii. or booster lisnisler 'I he He iimIs would pioWdc an Independent hark up rudely meelianlsiit hid would not lie used lor 
itaclor control. 
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CERMET FUELS WERE PURSUED FOR 
BOTH PROPULSION AND POWER 



Early cermet failures are most remembered not later material successes 
Program refocus to power applications reinforce low temperature bias 

Successful demonstrations 

- 10,000 hrs at 1,950k (in reactor) 

-1,000 hrs at 2,278k 

-3 hrs at 3,178k 

-Transients to 2,879k at 10,000k/sec (in reactor) 

- 37 hole element fabrication 


PRATT ft WHITNEY XNR2CKMI GEI IME I NIRL 


2WU2 


.ilitwri 


Hie basic design philosophy used III (hr development of I hr XNICjOOO was lo riiiploy (lie Illosl lellaldr of ullrahtfih 

IcnificraUirr nuclear lurl. 11»r npptoarh used lo accoinptHii Nils final was In ntnhr use of the extensive data and lessons learned in 
tire ROVKK/NEJWA Nuclear Fuel and Reactor System Development I’logrnnt. Arfionnt Nat tonal I.'ilmrnloty Nuclear Rocket 
Program, and the General Klrrlrlr Advanced Nuclear hoptdslou Pmlfrl 7 10 Pmfiiain, A sutmuniy of rrstills of cermet fuel 
development programs ol 1000*9 and ttO's Is published In two sets of re polls; ANI.-7230, (HKiM) "Nuclear Rocket Program", 
Terminal Report. GEMP600, (1973), "7.0 High Temperature Gas Reactor l’rofirain Summary Report". Vols. I -VI. 
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P&W INTERNAL STUDIES IDENTIFIED 
CERMET APPROACH AS SUPERIOR 



Chemical stability 


Constituents 

Tmell 

Matrix 

Clad 

Hydrogen 

uo 2 

3100k 

Solved* 

Total 

Total 

Tungsten 

3650k 


Total 

Total 

Tungsten - Re 

34 00k 

Element 


Total 

Strength 

- High 

Clad/malrix CET match 

-Good 

Conductivity 

- High 

Matrix/fuel CET match 

- Good 


Ductility (Cold) - Adequate 
(Hoi) - Good 

*U0 2 stabilized with 6% Gd or Th 


PRATT & WHIINEY XNR2000 (XOMH Nlfir 


?W1I 


P&W Internal Similes Mcnllttol Ccnurl Amirum- h As ShihtHoi 

Cermet furl made of 1102 dispersed in I'm listen or Molybdenum cladded with Mo or W based alloys were tested at high 
temperature In both nuclesit aial tinii-niirlrai riivliiiiiMienls and displayed supeilm pci toil iimhcc In the ex|MTfed opctnlpig 
environment of ail NTHK. Hr lent loll nl ilssion products and fuels, (hrnual shock resistance, hydrogen compalihlllly, high thermal 
conductivity, rlad/uinOU CUT compotlhillly. and lilt’ll slienglh me srvri.il ina|ui advantages i4 llir criturl fuel fnini 
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CERMET OPERATING LIMITS CAN BE 
ESTABLISHED FROM EXISTING DATA 





o i 1 1 1 1 1 

2200 2400 2600 2800 3000 3200 


Temperature — k 

PRATT A WtllINFY XNM?lXJO<;t-:nMbf NIHl. 2S8I4 




A critical review of the cemtet fuel development programs was used to eiMabltsJi operating HmMn for llie PAW XNR2000 reactor. 
Tlie XNR2000 has a temperature margin of 250K using the local UOj melt lemperature an a conservative upper limit on reactor 
temperHture. Tlie XNR200U has an Cl uluiamr on the order of 100's of hours at (he selected operating lemperature. 
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CERMET FUEL SHOULD ALWAYS BE 
INCLUDED ON THIS CURVE 



Life 


12 

10 

8 

6 

4 

2 



Oeimet 


I 

I 


1 

P 

ii 



2200 

PRATT * WHI1NEY XNR2000 CERMET NITRE 


2400 2600 2800 3000 

Propellant temperature - k 


Carbide 

fuel 

(fweHminary) 


3200 


23815 


Cmittl rucLSliould Always I3e lucl iu lrd O n T Hs Lltnyc 

The predicted endurance of carbon based and crime l based fuels Is shown as a I unction nl pro|>ellanl exit temperature. As sImwii 
I n the Figure, Ihe endurance of cennet fuels Is lnde|ieiHlent of operating temperature lip to I he melt temperature of the fuel. 
However, the endurance of caibon based fuels is a function of propellant temperature because of stoichiometry changes due to 
clieiufcai diffusion of carbon based fuels In a tint hydrogen eiivtroninent. A change in Ihe mechanical. (hennaJ, and neutronlc 
characteristics at Carbon based fuels decreases the fuel endurance wiUi incicaslng operating temperature. The cennet fuels 
display constant characteristics because (Here in no fuel /matrix diffusion and the material stoichiometry in constant with 
temperature. 
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RESUL TS OF NERV A/ROVER RESEARCH REACTOR 
TESTS WITH TEMPERA TURE OVER 2222K 



Time at 
temperatures 
over 2222k 
(sec) 

Maximum 

chamber 

temperature 

(k) 

Time at max 
temperature 
(sec) 

Reactivity 

loss 

(grams/element) 

PHOEBUS-1 A, EPIV 
(22 June 19G6) 

651 

2367 

5 

? 

PHOEBUS-1 B 
(23 Feb 1967) 

400 

2292 

5 

13.7 

PEWEE-1 
(Dec 1968) 

- 

2555 

(fuel exit temp) 

2400 

20 

NF-1 

(June 1972) 

- 

2444 

(fuel exit temp) 

6528 

13.7 


PRATT & WHI 1 NEV XNR2000 CCRMPT NT F1F 



Kcaulla it! MKKVAZHWvH IkSCiirdiJigaiUii: lasts Willi Tnnuci iiiiiic Over 2222 

A sliorl smi.in .ty of iillrii quoted NKItVA/ MOVER lest irsittls. (I sImikIiI In- nnlrd (ltd while lime M hmpr rainn** over 2222 Is 
and most <»lirn quoted, It* time at maximum IciiipeiutMtr'i Is oiirn quite low. Additionally. lud ten qrcruturcs arc ollrn 
quoted ralhrr than llic lower hydrogen Iriiiperalurrs. adding lo I lie contusion. Reucllvtly loss was proven lo he a major concern In 
the NERVA/ROVER Program and could significantly Inn ease the cost or even prohibit ground qualification 
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RESUL TS OF NERV A/ROVER DEVELOPMENT 
REACTOR TESTS WITH TEMPERATURE OVER 2222K 



Time at temp 
over 2222k (sec) 

Max 
temp (k) 

Time at max 
temp (sec) 

Reactivity 
loss (cents) 

NRX-A3 (23 April 1965) 

5 

2244 

3 

22.3 

NRX/EST, EPIII (2 March 1966) 

75 

2292 

5 

2.5 

NRX/EST. EPIV (16 March 1966) 

110 

2264 

5 

46.7 

NRX/EST, EPIVA (25 March 1966) 

616 

2264 

450 

282.4 

NRX-A5, EPIII (8 June 1966) 

473 

2286 

7 

22.5 

NRX-A5, EPIV (23 June 1966) 

8/3 

2333 

7 

212.3 

NRX-A6, EPIIIA (15 Dec 1967) 

37G4 

2405 

10 

70 

XE-PRIME, EP5 (March 1969 ) 
ritA rr * whitney XNH2000 ceiime t ntrf 

10 

2278 

5 

»eoo 


PR A TT & WHITNEY XNR2000 DESIGN TEAM ^jjj^ 


Project director: Randy Parsley (P&W) 


Pratt & Whitney 

Steve Peery (P.l. systems) 

Russ Joyner (Missions) 

Alan Dixon (Mech Des) 

Samim Anghaie (Nuclear, T.H.) 
Gerald Feller (Nuclear) 

Mike Malone (Materials) 

Paul Harris (Materials consultant) 


Babcock & Wilcox 

Kurt Westerman 
Steve Scoles (P.l.) 

Russ Jensen (Materials) 
James Rhodes (Nuclear) 
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XNR2000 CONCEPT CONFIGURED TO 
ADDRESS P& W PRIORITIES 




• Fast spectrum CERMET 

• Dual pass reactor 

• Robust and safe 


PRATT « WHITNEY XNR2000 CERMET NTRE 
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XNR200Q Coiicr lit Conflmncd To Address PAW Pi InrlHcs 

A conceptual nuclear Him mil tw kel INTHI. Hie XNK2U00. has been developed lur manned space exploration missions. The 
d Iscrbninat Ini' features ol the XNI*2000 llml provide attractive attributes are Um: use of Cermet Iticl, a dual pass reactor flnwpath. 
him! a simple lohust cycle. An XNR2000 system description. i ear Ini ihriinal hydraulic si mini my. and thioLlling, n|>eralliif' 
temperature, and thrust size, e fleets will he presrnlnl. 'Hits package presents I lie smtunaiy ol a n Hint It NASA funded study to 
develop and assess concept feasibility. I In ust level ian^e implk-.dlons, and maimed nitsslon Impacts of an NTK system based on a 
prismatic Cermet reactor. 
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XNR2000 CONFIGURED 
TO MEET NASA REQUIREMENTS 



l S p > 850 sec (at 200 area ratio) 

T/W > 4 

Throttling 25% at rated temperature 
Single burn duration 60 min (max) 

Engine life > 270 min at rated thrust 
Remain subcritical upon impact and immersion 
ALARA fission product release 
Dual turbopump arrangement 
25k, 50k & 75k Thrust size 

I'llAl I & WHI i Ni Y XNHZtNMi 1 ,1 I (Ml INI III *lV4 


XNR2(KXlX!uiiIiiiiircii Tti Mcrt NASA Kimilmncnls 

nic XNR21HM) Nuclear Tlirniiat NTKK, was < mil twined In men 01 i*xrml I In* peilonuanre requirements d a man- 

rated NIK System. Tljr pttqmlsUm icqulicmcnls listed air <)es« tilted Jn dr I. ill In ihr Nuclear Tliriuial Itockel Kuphie 
Requirements" document, version 3 Kthrnaiy 10, 1002 The baseline ihmsl ske was sc I al 25,000 II), anil thrusl size filed s were 
(lelei mined U»v engines ol 50,000 ami 7b.lMM> lb. nt Ihntsl. Sulci v and irlliibtllly me key N'lKK prmmlslmi requlimiml* for (lie 
muincd-liiliiitliui S|i;«it* rxploiutlon and wu: cunsldcicil toivimtsl In I lie i-tuircplual dralgn of I lie XNK1ZOOO. 'Hie 

reactor fuel and sped rnm selection was spec tllcal ly dlriated by the A1XHA tlsskm pmdnrl release and reactor subci lUcaJlly 
requirements. 
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XNR2000 SYSTEM CONFIGURED AS AN 
EXPANDER CYCLE 



Dual 

turbopumps 



PRATT A WHITNEY XNR2000 CERMET NTRE 
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XNR2QQQ System Lunlliiurcd As An SxuaiiikilfrUtt 

The expander eyrie was selected for the proven reliability. robustness. amt high clllrtency In meet NASA requirements. Hie 
XNR2000 expander ryrlr rocket engine uses licnt phk up in Mu* nnxe.le. rhamtirr. rrllerlm regions. and regenerative cooling of (lie 
pressure vessel and upper plenum structure to drive tlu- pumping system and deliver hydrogen (o (lie lower pkriuitn of (tie i diet or 
core. TTie reactor heats tlie hydiogen hi a Iwo-pass llow ronfigu rallon ami delivers the hydrogen propellant to Uie nozsle chamber 
liefore expansion through n 2(H) area ratio miwitr. 'the icnrtm is comprised of an outer annulus vote ol IK) M0-UO2 prismatic furl 
elemeuls and an Inner cylindrical core ol Hi W-U02 pi Ism m lie luH rlemriils An upper rellector, Integral with I lie fuel elements. Is 
used In pruvtde axial nruiitm leltrrttun and Is rnntpi )'•«•«! <*i Hell An tmler .innnlns ul lie sun minds the trail or mid snves as (lie 
radial icllcrlm 

The hnsellne XNR2000 operates at propellant chamber Innpeiafuie at 2(>70 K and chanibct pleasure of 766 pst to deliver 25.000 
lbs. thrust at a specific Impulse of 900 seconds. 
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REACTOR CONFIGURED FROM PRISMATIC 
FUEL ELEMENTS 




PRATT & WHITNEY XNH2000 CERMET NTnC 
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Jiiuirnta 


A medial plane radial crons-scrlloii nl llir XNH2000 NTIIE is shown. I -nuking down al I hr engine. hydrogen ruins Ihr onlei 
annular i lug ol I nr I elements (unshaded! Hows up ;md is dint dlieelvd thmugli the limn cylinder nl I'uci elements (shaded) and 
Hows down. Hie cross snTInii displays the baseline cm H mi approach selected im (lie XNK2000. One possible oplion lor providing 
redundant reactor shutdown t on I rot would hr (hr insrHion of |<e rods inside (hr radial Kuppoil inhrH shown In Ihr medial plnne 

ciiMN-Ni»rimi. Tin? rinlx innkl 1>r Incliuird It* On? to |>m-vi-iiI limtlvn It-nl hmcIoi rxcorntoim diuinx liuort|»oiitiUoit. |iir 

IimiimTi. or iHKMln Imnsh-i Mu? Mr- rods would pmviilr an indc|»cntif*iil hark oji •.airly mechanism hid would not hr used loi 
reactor control. 
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icd bv BAW and ANL 


The calculated valors nl syslrm Krl1 hyl’iatt fit WIiIUhv a»»irr will* ralrulallotitt <.| K*‘tf nmduclrd Inrir|irnrirn1ly hy n»hciirlf fit 
Wilcox (liAW) and Argonne Nallonal l-»l* lANt,} Pi all A Whitney used I ml It a Mi met^y group itmihlur/ venture diffusion code 
analysis and MON F> sl.disllr.il code analysis lo rnlculalr KHl aiid ANL usrd MINI* slallstkat code analysis procedures lo calculate 


The plot of Be fadJul rrl lector thickness vs lor lltr baseline configuration, displays the large wotllt of iraclivlly for the reflector 
under approximately 4 Mi nn Tills curve Indicates that I tie system ran he com rolled with neutron retlection. The baseline system 
employs an 1H rin radial H« reflector and a 20 cm Met) .ntl.il irllrrim 
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XNR2000 SYSTEM CAN BE CONTROLLED 
BY RAISING REFLECT OR SECTION 




PRATT & WHITNEY XNR2000 CERMET NTRE 


25447 


XNB201MJ System Can Be teg 


The baseline control approach was designed to provide lotmst tractor coni nil wiih inliiiimiin complexity and weigh!. Tlie ronlrol 
of lire reactor is accomplished by varying the unilt on leakage mfe by means of IlMSYMBOl. 170 V "Symlmn moveable annular 
segments nl flic radial i el led or. Mic lowri hall til rath segment Is si allot i.iiy while the tipjxT halt translates axially |o provide 
reaclor control through I he "aliening of windows". Nuclear coal rut Is provided hy t hank til 3 segments while fas! -shutdown 
rap»tilUly Is provided l>y llte oilier, Oidepeiuleiil. Iioiifc of 3 *<-giiu:tils. The selected rontml appi <■;«<' 1 1 piovldes the most reactivity 
worth lor I lie selecled rellerlor size, llnis maximizing 1 1 oust in weight Hit- i Hit-run seginruls ate ilitvru hy piieuinalle plston-typc 
drive 1 1 icc han Isms which provide linear -.u tn.it Inn. 
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ALTERNATE CONTROL OPTIONS 
ARE VIABLE 



Conventional drums 



Rotating windows 

PR A r T & WHItNfcY XNIU’OOO cermet nimk 



Estimated worth 

AK I 

K I TOIAL “ - 4% 


K I iOTAL ”~5% 




AHcmalc Control Options Are Viable 

The baseline control approach was selected lor simplicity and reduced weight, howevei other control options are viable for the 
XNH200U. Shown here are two such approaches with a preliminary calculation ol reactivity worth Contemporary control drums 
consisting of Be with puitbil segments of Re poison material could provide soHlrleiil negative rcacllvlly Insertion for control. 
Additionally, the use of rotating drums w|lh segments ol void could Ire used to provide cnnliol through neutron leakage In a 
rotating drum configuration. The optimum coni ml of the XNU20(K) could he achieved through the combination of any of the three 
approaches presented, providing nuclear control with maximum redundancy. 
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BASELINE PROPELLANT SYSTEM 
CONFIGURED WITH DUAL TURBOPUMPS 




PHATT & WIH1NPY X NO^omi CHlMt I NIIM ?«/■ 


Baseline Propcllaiil System Configured With Dual Tmbopumps 

A (low sctiematic of the baseline engine la shown. Dual tmbopumps are employed with quad valve arrangements lo maximize 
system reliability, Each lurbopump delivers 50% of 11 m: lotal reactor How ami can be isolated with block valves In case of a pump 
out coi Million. Tlie quad valves ronsisl of 2 block valves followed by 2 control valves arranged m parallel. '11 k: 2 pumps pres surfer 
and deliver hydrogen to the nozzle coolant lubes and rrflerlor. The healed hydrogen ta tlteit expanded through llie tinhlne amt 
delivered to tlie reactor. Preliminary invest tgnUonn liwHeala Unit tlte ayafein could opr rule al 75% thrual during an engine out 
scenario. After engine operation pulse rooting of the reactor la provided with pressurized or tank iiead hydrogen through Uie pulse 
cooling quad-valve In remove teak I uni Ia*«l general ion. An emcigemy pressut bed hydmgen t ank would provide pressurized 
hydrogen lo the reactor under a 2 pump out, reach pi ciitlcal condition 
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XNR2000 EXPANDER CYCLE 
IS ROBUST AND EFFICIENT 
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CERMET ADVANTAGES ESTABLISHED IN 
GE710/ANL PROGRAMS 



Characteristic 

Demonstrated fabrication 

Fuel matrix / cladding / hydrogen 
compatibility 

High strength and conductivity 

High temperature operating 
capability 


Payoff 

Reduced risk 
Life, FFP retention 

Thrust-to-weight, 

robustness 

Specific impulse 


Characteristics confirmed by B&W 

PRATT & WHIT NEY XNR2000 CERMFT NTRE 


T he XNU2000 builds u|hiii the cx|M*tl<iuc and dnlnhasc <>l Canid Juris nhlnlurd In I lie ( 211710 and ANI, pingrams. 'IT ir Iasi 
S|>ectnim Cermet fuel form was selected In meet Ihe engine icipilicinrnls oi AIAKA lurl and Ilssion product (dense. multiple 
testail capability ami sijIh:i Ideality under credible accklml sreuailos. Dining the 12E710/ANL programs the Cermet fuel form 
displayed tolerance to excessive lempctutuic/powcr l amps due lo Ihe hlgli sitrugih and conductivity of the refractory metal 
matrix. Additionally Cemtrl fuel display complete compatibility in the expected Iml 112 operating environment as well as cladding 
and fuel matrix CTE conipatlblllty. Finally the XNH2000 Is based upon a fuel fniiu Hint was successfully fabricated and tested. 
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PROPOSED FUEL ELEMENT CONFIGURATION 
HAS BEEN UPDATED 



Current baseline Previous baseline 
37 holes 169 holes 



PH ATT A WHI T NF v XNIO'IMMi CERMET N?nr 


2M10 


I'luUiiHCfllufl l-.U'itu-m i ‘*««liunuui<ni H,v. 1'i in Via-i'-M 

U* 1<U‘ Mr. I *r!tii rvahialtnn ot Hits stndv'. Hu l> i.rllnr mm rjil Ii.is lucti upj'i, ‘idl'd In lurm jini .lie a hirt rlnnrnl basrd 
on drmniisiJ.ilcd lrrliimlnt>l>‘s. I In* hasrlmr luH Inim i r i< m |i<»i.ihs l\7 l.n^t* (ll.nortci rnolalil < hannels romparrd to Hid small 
diameter mill. II 11 t ti.innrls nitHaMy «miiinI(1« , i rd lot (ills « him rjit 1 1 1 <* m;ix njwi .»! In^ litt l trinjin ni me w;im malnlalnrd al 28B0K. 
well wlllihi 1 1 if Inirm .,1 il;i|.ili,i',c Itci aii.sr rd I hr Hu rrasrd llinniid |>,ifh, furl nMiln Hue In rnnlant iliaimrl suiliMC, lirlwrrn 

(lit Iitrl tmins Hir ira- tni r.xtl |>iu|iH1anl h-mpnatui <- u .r. inlm rd In limn lilts chamltei leiii|Jrtntii{<* j m nvldrs ail 

Isp level of iJOII mtuikIs vviilt llle rally in rxrrss n| Hi* 1 NA'^A M'ljidmiinil.s 


N I P: System Ooneepis 


170 


NP TIM 92 


CRKalMAL PAGE IS 
OF POOR QUALITY 


NP-TIM-92 


BASELINE FUEL ELEMENT 
WITHIN FABRICATION EXPERIENCE 



Paromoter 

Inner earn oionrmil 

Outer core demerit 

Numlrer oi luel elements 

Cl 


Distance across Hah (aj 

1 40 In. 

1 40 In 

Diameter ol flow hole (0) 

.14 In 

.Ukt. 

Flow hole pitch 

0.215 In. 

0 215 In. 

Itikitiaoss of ii«>w lutx* jlj 

(i IK)/ in 

0 007 hi 

i lilcluiess at external can jW) 

0.02 hi. 

6(12 In 

Number ot flow tioles 

37 

37 

Fuel mati lx materials 

UQz-W-GdzCh 

UC^-Mo Gd 203 

Mela) in fuel matrix 

W 

Mo 

Fuel can materials 

W-Re 

Mo-Re 

Flow lube material 

W 

Mo 

Uranium enrichment (wt%) 

93 0 

ftt.O 

Voi fioctloii ol OOa In loet matrix 

Oft 

0.0 

Vat fraction o< GdzCb h luel moirU 

0 06 

006 

Veil traction ot mqlnl In fuel iimtrlx 

034 

034 

Veil Iroctjon ol Re to tnlemoi can 

_ 0 25 

6.50 

V<4 tiuckun ol fiMjtui hi cxIoHUil uilt 

. ” . .1 Jl /f j 

0.50 

Flow lioic void iraclion 

6.3425 

6.3425 " 

Iota) core power (MW) 

510 

Total core volume (1 .) 

101 1 

Active core volume (L) 

66 47 

Heal transfer area/lotal How area 

1447.3 

Fuel element height 

24 hi. 

Radiol refloclor (Re) thickness 

7.1 in. 

A*lal lop ret lector (OeO) Ihfcknocs 

7 6/ hi. 

W sheet thickness on Inner core bottom 

t m. 
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The selected baseline prismatic Cermet iiicl elcnirnl is hash'd «n demolish tilt'd Icrhunlngy. Tlie ouler core fuel elements consist or 
GO vol%-U02-Mo fuel matrix contained wltliln Mo- 50% Re external core. Hie Inner cure fuel elements consists of 60 vol% UD2-W 
fuel matrix contained within a W-2G% Re external cute. Rhenltun has been incorporated UUo the external can designs to decrease 
tlic duct Ible-lo-brlt tie transition temperature ami provide mkrpmle ductility tor cyclic I lie requirement*. All fuel element;* have a 
hexagonal rmm necllon with u 1.4 Inch llat -to llat distance ami contain 37 coolant channels 14 Inch 111 diameter. 

The coolant channels are coaled with the refrarlmy metal contained within the matrix. U02 Is stabilized with 6% GdQ3 In IxUh 
cores In provide fuel stabilization and prevent luel migration. fuels elements of Hits lyi>e were successfully fabricated and tested 
In Uie early 70 s with technology that cun be easily recovered and enhanced wit it a core recent fabricated techniques 
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AXIAL REFLECTORS INTERGRAL WITH 
FUEL ELEMENTS 




TJm* Imsellnc prismatic (Vimrl liirl dement hir litr Inner core K shown Ik axial IM> rHIrrhtf srdkiii I* h Mc^nl wllli Hit fuel 
elciiKiil, contained wlitilii (lie saint slriictutHl wippoil exlcmal can. Ilic alliichinenl Kdloii la used in a support syslcin. The 
loaded section of the fuel element Is 24 Inches (61 will In length and Ihe axial relleclor Is 7.9 Inches (20 cm.l. 
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HIGH STRENGTH FUEL ELEMENTS ALLOW 
SIMPLIFIED CORE SUPPORT 



PRATT A WHITNEY XNR20UO CERMET Nl Rf 25604 



The XNK2000 Is mil susceptible (o imilcilal nculroiili |H»lsnni»v; because nt the last Npeclnim opciullon nl the inu tor. TherHote. 
high strength refractory inrtnl* call hr iiseil In IhiIIi (lie furl mull Lx ami siippml si ri id me In eliminate I lir need fur tie imis. The 
baseline conceptual cme suppoil design ts shown klmv. 'Hie fnet elements air simply snp|M>iled. at I lie hydrogen Inlet end, lo (he 
siippml plate with a lliiciitlcd fuel ek-inenl irliilnri. I hr lurl rlrniruls ate plai n! In Ii-iimIuii bcroiiHr nf pi«t|iellutil l'i triton and 
nrrrirral innal prrsstuc ill op which arts In li mi cast: I he ii.ihual Irrtpirnry «»l Hie lurl eleineiil uml tcdtiec Ihe pio|>ei»sity for llnw 
Induced vibration. 
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CONCEPTUAL CORE ASSEMBLY APPROACH 




Upper plenum cap 

- Outer core fuel element 



Outer core annular support plate 


PHAT 1 &WIIII Ni: Y XNt UHVOO CfcHMt I N l »U 
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Conceptual C o m Assembly Appro ach 

Shown below is Ihe conceptual inner and nulci i me Incl element support nppioaih. The outer core elements are simply supplied 
at their cold end hy a lower grid plate which is trotted to the limrr pressure vessel, t he outer core elements nre allowed to translate 
through the upper suppoit plate to allow lor axial lhciui.il growth. Hie Inner core fuel clrinenls are rigidly attaclicd at llielr rokl 
end hy the upper grid plate, t he tipper gild snppoil plate Is Imlleil to the Inner piessme vessel with additional support provided 
by axial stmts attached to the upper plrnrm head 

A tungsten shroud will be user! tret wren l lie two rules to art as a flienn;i) halite amt provide a compressive spring preload against 
radial Inner core Incl element growth. The tungsten should will nu ilium In the hexagonal cion* wrllnu ol lire tori rlen rents amt 
extend limn Ihe upper support plate In ilir un/y|e Hi.imiImi lire hIiiouiI will lianslllon It mu a liexngoital cinM-serttoii to a circular 
rrims-seeiion In the chain tier region, lire ttmxlc emit, ml tula-swill nm behind this shroud In a circular pattern to provide 
chamber cooling. 
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AXIAL POWER DISTRIBUTION PREDICTED 
FOR THERMAL HYRAULIC ANALYSIS 




Axial Iftam UialUiaiUau Analysis 

n*c predated average axl.il imwcr shape Inetuis lot IIm- Inner uml on lei rmrs air shown. I Iwse powti pintilcs wcie determined 
using the 3-1) dtttusitm theory code. HOLD VENTUHIC. and liem-hinai kril with Mt’NP statistical codes. Hie inner core power prolile 
decreases al the exll of (hr reactor wheie the leni|>eial tires arc Hie highest. The di»r)i hw-tease In (lower al the Inner core Inlet is 
caused by Hie BeO axial rclleclor located dlrrctly above ll»e reiUtoi . These (tower profile.* were determined to conduct a coupled 
ueutrunlc/ltiennal hydra ulir analysis of the XNKlitMM) tear tor. 
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PEAK FUEL TEMPERATURE IS MAINTAINED 
BELOW 2900K 



PflAIT A WIIMNEY XNI12000 CERMET NTRfc 



The calculated propcll«ml. fuel surface, and fuel centriJlne lcin|>rrature distribution within Hie XNR2000 reactor at Tull power 
operating condition is shown. The tempri aline distribution Is plotted against Hie normalized icaclor coolant flowpnlh lucatkm, 
where 0.0 cnnrsponds to ttic outer core Inlet and 1 .0 mursponds to Ihe Inner core rail. '11 its leni|>erature distribution was 
calculated using a one dimensional coupled I henna! hydiaullc/iieut runic analysis I rend m miked with detailed 3-dhnensioual 
coniputatlonal lluid dynamics. CTT>, procedures. As shown In Uic figure, the maximum fuel temperature leached In the Inner core 
Is 28B0K and 2000K In Ihe Inner core. 11ic.se maximum fuel temperatures were selected for design operation to exceed life 
reciulrrmeitls and assure positive fission product and fuel i Mention A propellant cl uiitilier temperature of 2GG9k was calculated 
using a 2880k max fuel Irinprrature as the up|ier limit. 
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DUAL PASS REDUCES FUEL TEMPERATURES 
AND AXIAL THERMAL GRADIENTS 



I > _ii ul Hrdm i s Lu d i rinpgiilMi is Ai ill Axial 'llwunai jii aUlcula 

llie llgure displays seveiul benefits ol lhe dual |wss ifuclur llow conilguratlnn. 'Flic dual |»ass provides reduced axial thermal 
gradients in l he fuel demon*. As shown lit the figure. a temperature gi ad lent of I500K a p| tears acioss Uie outer core elements 
and a gradient of 1 100K appears across Hit Inner core eieiiients. In I he dual pass configuration. However. In a single pass 
configuration a leinpernltiie gradient ol 2GOOK ap|>ears acioss each lucl element. Tlie dual pass (lowpath reduces the axial 
Ihemml gradients of iht drmenls b y approximately reducing I hernial .mil increasing fuel tolerance lo power cycling. 

Additionally, in a dual puw* reactor mnx fuel tetnjHrnliiir* are reduced hy nppmxtmntrly > 5f MSYMOOh 170 \r*Synil*«»l *|K h»r equal 
IHUfMdbmi dumilier and |h.wci density. I his is u irsull ol li m i rased li.rit Dux and licet eased eon ver live heal transfer 

In the single puss configuration, for equivalent leuelot power density levels. 
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PRELIMINARY UPPER PLENUM CFD RESULTS 




Stream function of jet-induced flow 




Reactor / T 

centerline 

Inner/outer 
core boundary — ’ 

PRATT & Willi NfcY XNRPOOft CFRMET NTRfc 



Outer core 
max diameter 


• Reactor centerline / 

fnner/ouler 
core boundary ' 

Outer core 
max diameter 


Plenum ( I I) Results 

A ConiputnliniMl i'ltikl I fyuiiiiilc tCIT>l aiu.lysls w..s n.u.lm Ini to evaluate i| K : How distribution and | M *.n l rntmfcr In UtcXNMWXM 
reactor amlanl channels and upper pie letflcm. T he predicted llow dtnlrlhuHoniii || M upper plenum Is aliown below T\ w 

“ *** wfrt ,,w " •- "« ~ tmz hX.te 
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XNR2000 RADIAL POWER 
DISTRIBUTION CONFIRMED BY B&W 




PRATT & WHUNEY XNR2000 CFRMET NTRE 


254M 


XM20W Kffllliil IWj nisIrl liuUuu OmH imcd hy UftW 

l l»« calculated rudwlsc iioinuillzml power dLsIHlmUnn within a »t svimm hy nl I hr XNU2IHHI rent ini Is shown (Most 

agreement Itclween I he calculated results of I'* alt A Whllm-.y aiul Uiilmork ft Wilcox Is shown. As expected, tlie maximum power 
penk of (lie lunar tore uppem* lit (lie renter of line leuelni while the powri |*c»k of the miter core Hpimira rtosesi to (he radial be 
relleehu. eesulls were used In the tlirimal hydinultc analysis to coudm I ixiwn /Now matcliJiiK evaluations. As sImiwii in 

the diagram (he maximum peak to-avet age hurl rli-iurnl power level was ealmlaied in he I Ot> for hnth the Inner and outer cores. 
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UPPER PLENUM MIXING FLATTENS 
RADIAL POWER PROFILE 



Thc calculated propellant and fuel centerline Icinpcraluic dish Unit inn within tin* XNU2000 iraclor lor lnel elements having tin* 
average and maxlmmn |Hnk-lo-avrragr power levels is shown. The ralculalrd imitai imwrr distribution shown on I hr previous 
Cliitii. w ;u» used I.I roll. lull it tlirimal hy ill a nil* evaloalion «.| I hr inicloi |» ilelnoiliir the impact <4 peak |»owrr level* on ir acini 
tcinpciatmrs The analysis displays (la* np|M‘i plenum mixing advantage <4 the dual puns rote. Any outer core liot ciiauneUng 
effeci due to uneven power profiles Is removed from tlic Inner core lieraiise i4 lltcnual momentum link! mixing m Uic upper 
plenum. Hits mixing ledures tl»e propellant and theirloie reactor tciufieralurea lit the inner core. Hie energy and innineiituin 
mixing allows for up to 15% power peaking in the ntilet cote without or if king. As sluiwn, the maximum temperature Is 
approximately 2950k lor the Inner rote and 2200 lor I lie outer rore m the fuel elements having the maximum power levels Hits 
analysis displays (he wot si case scenario In which no attempt Is made to Ikitten the |Knvri pioflle. 
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PROFILE CAN BE ADDRESSED BY VARIABLE 
ENRICHMENT OR ORIFICING 




PRATT & WHMNEY XNR2000 CERMET N I Rb 



25M7 


Vi uUli! LiU 


Two meiltoris of addressing the power profile were evaluated and both weir lound lo lie acre pi able, Tlic first approarh of handling 
Hie variable power pmlilr was orlHclitg life pin|icllniil How In the limrr erne In pinvlde n constant '2G70K reactor exit leni|ieiatiire. 
hy mil let tig Hie How al Mm* Intel of each lucl cleinriil I hr pi ope r How iale ran l»r drllvrrrd to rorli element depending on the 
element |>owei level. .Shown below is (hr furl elrnirnt Dow tale, as a Intutltm of inner rote radius, mpnied to ptovklr a constant 
rrarlorexll lmi|>cialiiic. 

The second possible approach lo flatten the power piollle evaluated was vm table latliaJ Uranium enrichment. 'Hie cnrtclmienl 
wUHtii I Kdh (he Inner anil miter cores was varied lo del ci mine the Imparl on radial |k>wci distribution. As shown in the figure a 
nearly constant power profile was obtained by vaiylng the ciiiichmeitl hy approximately 4% across the reactor radius. 
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DUAL PASS CONFIGURATION HAS 
SIGNIFICANT ADVANTAGES 



• Flat radial power profile 

• Positive flow/power matching 

• Upper plenum mixing reduces peak temperature 

• High temperature inner core isolation 

• Reduced element axial thermal gradient 
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lutnatlon H as StUiirftn mt A\ ly-nitf u j»»;s 

The primary nil rar live fc.Mmfs provided by I Itc dn.il pass tractor core arc snmimiitv.rd. A Hat radial |»nwer profile Is provided by 
the dual | mss it act or due (o the averaging of |kjwpi dish Unit Ions relative to two distinct regions. Positive Jknar/p ower matching Is 
achievable because of the separation of the Inner and outer cores. The maximum fuel element power shape factors appear in the 
outer core region because of the proxlmlly of (tie nulla! ic Heel or. However, because Hie outer core serves as Hie first pass , (he 
coolest liydiogeu propellant passes Hi rough (he oilier core and eliminates fuel teiniierature concern. Additionally. upper plenum 
mixing ol the hydrogen servo* In eliminate I he oilier core |Miw<t peaks from Hie inner cure luel rlciitrnl*. 'Hie dual |*»ss 
configuration Isolates lire Iml Inner cure luel elrmenis limn Ibe test of Hie engine syslem. 'Hits isolation provides material 
flexibility allowing (tie use of lighter weight Moty based luel elt merit* In Hie oilier cote and u lie radial reflector whlcli provides (lie 
most reacHvlly worth for Hie weight. The most obvious lienelil of Hie dual pass core Is I hr reduced axial thermal gradients and 
consequently thermal stress loads placed nn the luel clcmculs. 
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COMPUCA TIONS OF H 2 MODERA T/ON 
EL/M/NA TED DURING STARTUP, 
SHUTDOWN, AND THROTTLING 




IE-05 IE-04 IE-03 IE-02 IE-01 


H 2 Density (A(b-cm)] 
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f'uniplUfillotis <)l 112 Modi 1 at Inil ICllinlii.il***! I >mln^ .Mat I up. Shutdown, and Miintlttii^ 

Tliere is no Impact ol llydio^cn 1 node ration on tlie Iasi s|h-i:Iiuiii XNH2000 irarlor. the calculated elicit ol Hydrogen density on 
system is si town. Tlic complications ol reactivity IcedfoarK limn Hie hydio^u propellant and |xitentla( lor thermal Inslalilllly Is 

eliinlualed during transient and steady slate o|>eratioii lit lire KNR20IK) 
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PEAK FUEL TEMPERATURE DECREASES 
AT THROTTLED CONDITIONS 




Peak Fuel Temprruhtir I *1-1 eases Al Throttled Conditions 

?'** C ru U,a AV\ Pr " , ^ , .! nl T! f T' , T ,,lKrh,,e ‘""IH-ialmrs i«e slHWit Im the hasrllur XNM2000 (it full thrust. 25% thrust nml 10% 
i hi * ,’ r t W ** ,lte P ,a y*«l u * c*w«l lh « P« ak I"*** Irinpeiuluics within the reactor decrease as the enfline is 

(h rot tied. Ihc reduced reactor le.upeiatures result ho... the reduced power Him required to deliver ll.e Ihrollled mass flow rale to 

w ' ,s * of MtTWt* effort of l« morteratwm „» 
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STARTUP, SHUTDOWN AND THROTTLING, 
UNAFFECTED BY H 2 MODERATION 



Configuration allows 
throttling to 10% 

II Must at design tSP 




Flow coefficient/ design flow coefficient Pr/Prd 


PRATT A WHITNEY XNH2000 CERMET NTRE 
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SI ill luii. Shutdown Aodthmltlhv)*. Unnltrrh-d ily Hvihu^ru Model allon 

Tlir pump ami luihlnc opcioUiif> map ol (hr XNICtlHMJ Is shown lot dimlllcd and deslryi polnl conditions. I hr HMO upper slaffe 
expander cycle rockcl engine lurbopiiiiip Hinrarteiisius wne assumed In Hits analysis. This analysis indicates dial the 
council ration allows tin online to at least 10% dmisl al design spec lllc impulse 
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INDIVIDUAL TURBOPUMP REQUIREMENTS 
ARE SIMILAR TO RL10 




Individual Tin bopimina Hemi lrcmcnls Arc Similar tt> HUU 

Demonstrated diameter ls( Us ol (lie RLIO engine luiliopiimps will l»e requited ol liubopnmps used in an WRE for maimed space 
exploration missions, Tire XNR2000 conceptual design employs a two stage mill lineal pump lhal la similar In flow rale and head 
rise lo Hie ItLiO lurbopump, driven hy a turbine upending al cool inlet temperatures. The system requirements call for UtrollUng 
to at least 25% thrust at rated temperature and operation at low Nl’SIt levels. 11km requirements are similar lo those of the RUG 
liquid hydrogen tmhopimips. Tlte RLIO Imhopninps deliver pressurized hydrogen lo I lie HMD engine for upper si age applications 
nils pump lias sneer shJuIIv tbiuuwlralril /.no to low Ni’NI I rapahllily mid llpollling down In 2% How. Wilh the liumporallnn of 
hydrostatic hearings, opetallmi in a radial Ion environment ran la* achieved Irecaiisc of the a Inn i In mu construction, for these 
reasons the chaiacterlsUcs of the RLIO Tuihnpumps were rrsed In the study ol The XNR'2000 runerpt, and dial a scaled or 
derivative version of this proven pump would lie employed In I lie design. 
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NOZZLE IS ACTIVELY COOLED COPPER 
WITH AN UNCOOLED SKIRT 




Regen section 
Coolant configuration 
Number of tubes 
Tube material 
Max heat flux 
Max tube temperature 
Pressure drop 


T wo pass 
300 

Glidcop 
51 Btu/in ? sec 
61 IK (lOOO'T) 
225 psi 


PRAI T & WHITNEY XNHPOOO CERMb J Ml HE 


Skirl 

Coolanl configuration Radiation 

Skirt material Columbium 

Max heal flux 1 Btu/in 2 sec 

Max skirt temperature 1 792K (2766°F) 


25360 


I Djuiki-Y 


llic XNU2000 employs a rctfrncndfvrly moled cltnmliei and nozzle nnd radial Ivly pooled nozzle skirl The nozzle and chamber is 
cooleU lu ati area ratio of 33 with 300 copper tidies in a two pass coni Itfurnl ton with 30% of Uie total engine flow. 11 »e chandler 
IHC8SU1C vessel imiwlsls (ii a 347 Slilllili‘tiM Steel Jairktil Milluumiliu* the inpjici tidies. The system employs a Colombian nozzle 

•kin from nn orcu ratio ol 33 to 200 which is rmiiiiilvly cooled. 


NP-TTM-92 


187 


NTP: System Concepts 


XN2000 PRESSURE VESSEL IS SIMILAR 
TO ANL APPROACH 



Reflector 

regions 



PRATT A WHITNFY XNR20U0 OfcHMfc I Nlttl. 


2S3$ 1 


XNR2000 Pre ssure Vessel Js SU nU.ii TuANl. A fl lMdad i 


Tlic XNIi2000 employs tin outer niironlrd pressure vessel wjudi surrounds (he tadlal tefledni amt a ictfeneraUvrly rooted inner 
piessinr vrii«M*l which siiihmhkIm the learlni The piessutc vessel inateilal ennsldricd Is hicomirl INCH 718. licrMiuic Hie Inner 
pressure vessel Is snhjrclril to a roilupsinj' piesstne nl approximately H00 pal. longitudinal jadlal support ribs would lie einpiuyed 
Id transmit Oils load to Hie oulcr vessel. The radial suppml rlhs would sei ve Ui separate and house (he annular reflector 
scftn rents Hie Iwo pressure vessels me cupj>ed til Hie lop ol ihe trad or hy lirmlsphet leal I wads Hydrogen exits (he relied or 
region ami flows Irdwern llir primary and secmuluv heads to cool (he pitmaiy head coveting Hu* Inner pressure vessel and 
provide additional heal Input to (he liiibluc. 
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XNR2000 BASELINE DESIGN 
EXCEEDS NASA REQUIREMENTS 



Thrust (lb) 

[Baseline 

25,000 

Isp (sec) 

900 

T/W 

5 3 

Reactor power (Mw) 

510 

Power density (Mw/L) 

9.4 

Max fuel ternp (K) 

2,880 

Chamber ternp (K) 

2,669 

Chamber pressure (psia) 

766 

1 otal flow (Ib/sec) 

2/0 

Pump tip speed (ft/sec) 

1 ,4611 

turbine inlet temp (K) 

22/ 

Nozzle area ratio 

200 

No/zlo exit dia (It) 

5.0 

Max engine length (ft) 

16.3 

Slowed engine length (ft) 

11.0 

No. of inner fuel elements 

61 

No. of outer fuel elements 

90 

Throttling at design Isp (%) 

10 


r»RAl I 4 WMtfNCY XNRPOOO CEHMfc' I Nlltfc 


T . OM 


JCWi*« mja ! iisc liiiL- liLaka foasnla H 6£A . K«u m i-u t giia 


li»c liiblc displays I hr cyrlr hilonnallmi »l I hr h.isrllnc XNICZuou. Thr h.isrihir XNK2U00 delivers non it. ^ ti 

m 75? «!* M s, :r tu * " mhm » * »•••• T 
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XNR200Q ENGINE PERFORMA i\CE 


Thrust - 25,000 Ibf 
T/W - 5.3 
Isp “ 900.0 sec 


PROPELLANT FLOW ENGINE STATION CONDITIONS 


Station 

Pressure 

Location 

(psia) 

Engine Inlet 

26.7 

Pump Inlet 

25.7 

Pump Exit 

2179.3 

Nozzle Coolant Inlet 

2157.6 

Reflector Coolant Inlet 

1932.6 

Turbine Inlet 

1901.6 

Turbine Exit 

1218.2 

Outer Core Inlet 

1108.9 

Inner Core Inlet 

956.3 

Chamber 

765.9 


REACTOR CHARACTERISTICS 


Two- Pass Design 
Inner Core Diameter 
Outer Core Diameter 
Reflector Diameter 
Pressure Drop 
Max. RX Fuel Temp. 
Outer Core Fuel MCI 
Inner Core Fuel Mt'l 
Power Density 
Total Power 


H.5 in 

1 8. 1 in 

32.2 in 
344. 1 psia 
2880.0 K 
Mo-UO2,90 
\V-U02,6I 
9.41 MW/I 
510.4 MW 


Temperature 

Flow 

(Des K) 

(Ibm/s) 

20.6 

14.1) 

20.6 

14.0 

34.7 

14.0 

34.8 

8.4 

103.1 

28.1 

226.9 

11.8 

207.2 

11.8 

210.4 

27.8 

1659.4 

27.8 

2668.7 

27.8 


NOZZLE CHARAC 


Nozzle Area Ratio 
Throat Area 
Exit Dia. 

Nozzle C* 

Nozzle Length 
Total S.A. 

Regen. Construction 
Rad. Construction 


Enthalpy 

Density 

1 Btu/lbm) 

(Ibm/ft**3) 

-108.0 

4.38 

-108.0 

4.38 

13.0 

4.56 

13.0 

4.55 

440.9 

1.77 

1343.7 

0.80 

1 199.9 

0.58 

1221.6 

0.52 

8865.0 

0.06 

18188.3 

0.03 


TERIST1CS 

200 . 

18.8 in** 2 

5.8 ft 

16443 ft/s 
10.6 ft 

22524 in** 2 
Cu Tubes 

Ch Sheet 


PUMP CHARACTERISTICS TURBINE CHARACTERISTIC S 


Overall Efficiency 
Head Rise 
NPSH Avail. 
Speed 
Power 

Vol. Flow Rate 
Stg I Flow Coeff. 
Stg II Flow Coeff. 
Stg I Head Coeff. 
Stg II Head Coeff. 
Utip I 
Utip 2 


73.2 % 
69,018 ft 
302.9 ft 
71,323 RPM 

2403.2 HP 

1379 gpm 
0.114 - 

0.113 - 

0.521 - 

0.521 - 

1460. ft/s 
1460. ft/s 


inlet Temperature 

226.9 

K 

Inlet Pressure 

1901.6 

psia 

Mass Flow 

11.8 

Ibm/s 

Overall Efficiency 

85.4 

% 

Speed 

71.233 

RPM 

Pressure Ratio 

1.56 

- 

Inlet Flow Parameter 

0.125 

- 

Overall Velocity Rnlio 

0.54 

- 

Dll Actual 

143.8 

Rtii/lb 

AN * *2(F.-08) 

193. 


Mean Dia. 

4.66 

in 
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OPERA RON A T2500K CAN BE ACCOMODA TED 
WITHIN BASELINE CONEIGURA T/ON 


| Baseline) 


Thiust (lb) 

25. (M 10 

25.000 

tsp (see) 

000 

065 

r/w 

r» o 

6.3 

Reactor (lower (Mw) 

MO 

492 

Power density (Mw/L) 

9-1 

9.1 

Max fuel lemp (K) 

2.BH0 

2.740 

Chamber temp (K) 

?.m) 

[2,500] 

Chamber pressure (psin) 

/•in 

>50 

Tola) Mow (Ib/sec) 

2/0 

28.9 

Pump lip speed (ft/sec) 

1 .4(30 

1,402 

l urbine inlet lemp (K) 

?:>? 

216 

Nozzle area ratio 

200 

200 

Nozzle exit (lia (It) 

50 

58 

Max engine length (It) 

15 2 

15 3 

Slowed engine length (tl) 

tt.O 

tut 

No. of inner fuel elemenls 

61 

fit 

No. ot outer fuel elements 

00 

90 

1 h rot King at design isp (%) 

10 

10 


PflAI F A WHUNEY XNH2U00 GLOME l NtHF 


WUhln 




n IC baseline rydr Inloitnalloii Ls displayed and enMipaicd lt> I lie XN 02000 ru/'.hir ojiri.dinj* al a iliamhei temperature of 2500K. 
Hie |Niwri halaitrt* It »i both t-yrk* jmlnls was |‘euei liy ir<|iil<liid ■ ira»:l«M rxll M.irli mmiticis lo ct|tial 0.3 and delivci 2f».<HK) 
III. of III! list. 
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PEAK FUEL TEMPERATURE DROPS TO 
2740K FOR 2500K PROPELLANT DELIVERY 




PRA 1 1 & WHI I NL*Y XNIMJMO CERMET NinE 


i 
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PRELIMINARY ENGINE CLUSTERING STUDY A 

INDICATES LIMITED NEUTRON/C INTERACTION Igl 




Three engine clustering 
arrangement 

PRATT & WHITNEY XNR/DOO CbHMEI NTME 


I 


ilLdimiUiiix SiuiJbUi MllLiil£a Li mited Ncn inmic ini ci,u jinn 

A conservative engine rh.sleil.ig model was developed amt (lie Kf ‘» was evaluated ini a eluslcrol Hirer XNR2000 baseline engines 
as a lutielion of separation distance. The separation distance is defined as shown in tlie figure. As displayed In the chart, core 
ne id ionic coupling was found to have no eliect in clustering engines lor distant rs irf|iihed lo account fur nozzle skills. 


OF POOP 


PAC'Z IS 
QUALITY 
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REENTRY & WORST CASE ACCIDENT SCENARIO 
CRITICALITY ANALYSIS 



-Delta K 
K 




A 16-group d Illusion code (VENTUHH/( OMBlNh) analysts was conducted lo determine wr)i!>l case accident scenario criticality. 

Tile negative reactivity Insert Ion Is shown tor several accident srrnailn core coin It! Ions. The XN 142000 would go suhcriUrnl for all 
arrldrnt conditions rvalnaied. 11m* hugest negative nafltvlly insertion ocrtincd ini water Inmtrrslon. Hie Impact of rhenium rods 
In lutrcs surrounding the miter core elements Wi>* atan evaluated and round lo provide nde<|iialc iie^ajlvc reactivity Insert imt to he 

IINwl it H it pul flit Ini tmeitnp Mitlidy niethiiiiisiti The iilown icllivtui oimlvsi* wns cimduHeti anmaiilint that t ti'M> of lltc total 
ret lee tor was removed Iroin the system. 
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DESIGN ALLOWS THRUST FLEXIBILITY 
WITH COMMON FUEL ELEMENTS 




25,000 Ibf thrust 
total no. of fuel elements: 151 


50.000 Ibf thrust 
total no. of fuel elements: 313 


75.000 Ibf thrust 
total no. of fuel elements; 379 


PRATT & WHITNEY XNH7000 CERMET NTRE 


75 MR 


I ElrjumLs 


n*e XNlt'iUtM) was cntilij’uji-d to provide tJ»r»isl llrxihllily. The system ran provide tin nsl lioin approximately 20,000 ilr to 

90,000 usittft the same luel elenirtil design, core c on llfpi ration, and support mclliodulngy by simply varying the number ot Inner 
and uu ter core fuel elements. 


NM1M-92 , 
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GtfKs-m PAGE IS 

OF POOR QUALITY 


REACTOR NEUTRONICS BEHA V/OR SIMILAR 
OVER THRUST RANGE 



Radial lissmii density (power) tor various thrust size 



Radial ihstancA - cm 


PRAT I & WHtTNfY XNR?000 CERMET NTRF 


Kcarhu flriimmlrs jldmglm ^lltfaL.ChrCL*OitllSt Kil'IlS* 

iiadial power piolilea lor Hirer XNR2000 roir sl/rs air shown. Tin* 50.000 Ihf and 75.000 Ihf ran Ik matte frtllrai wfUi 7U% 
enriclied lurl nl I he fuel metal volume ratio of fiO/4U. 
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XNR2000 CYCLE PARAMETERS ARE SIMILAR 
FOR VARIOUS THRUST SIZES 



Thrust (lb) 

Isp (sec) 

T/W 

Reactor power (Mw) 

Power density (Mw/L) 

Max fuel temp (K) 

Chamber temp (K) 

Chamber pressure (psia) 

Total (low (Ib/sec) 

Pump tip speed (It/sec) 

Turbine inlet temp (K) 

Nozzle area ratio 
Nozzle exit dia (ft) 

Max engine length (ft) 

Stowed engine length (ft) 

No. of inner fuel elements 
No. of outer fuel elements 
Throttling at design Isp (%) 

PRATT & WHIfNfcY XNR2000 CFRMFT NTFIF 


f Baseline | 



25.000 

50.000 

75,000 

900 

901 

897 

5.3 

66 

7.9 

510 

1 .022 

1,513 

9.4 

9.1 

11.1 

2.880 

2.880 

2,880 

2.669 

2.676 

2,657 

766 

735 

836 

27.8 

55.5 

83.6 

1.460 

1,527 

1.738 

2 27 

230 

25/ 

200 

200 

200 

8 0 

8.3 

9.5 

15.3 

20.3 

22.7 

11.0 

12.4 

12.0 

61 

127 

169 

90 

186 

210 

10 

Tfif) 

TBD 


I 


REACTOR THERMAL HYDRAULICS AT 
50K ARE SIMILAR TO BASELINE 




PRATT & WHITNFY XNR2000 CFHMFT NTRF 
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Temperature, K 

50C 1000 1500 2000 2500 3000 


REACTOR THERMAL HYDRAULICS AT 
75K THRUST ARE SIMILAR TO BASELINE 



Normalized Reactor Coolont Ffowpoth 

PRAT f & Wl IITNEY XNRTOOO CERMET NTRE 25393 
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CERMET ENGINE WEIGHT 
SUMMARY VS THRUST SIZE 



Thrust level 

2b, 000 fb 

50.000 U) 

75,000 lb 

Inner core 

940 

1,062 

2,212 

Outer core 

93/ 

1 ,044 

1,856 

Support structure 

115 

250 

425 

Internal shield 

25 0 

300 

310 

Axial reflector 

50 

80 

100 

Radial reflector and control 

500 

800 

t,000 

Valves and controller 

425 

525 

590 

Pressure vessel 

650 

800 

1,000 

Upper core assembly 

220 

300 

400 

Nozzle skirt 

250 

5(X) 

750 

Turbopump 

fb 

125 

175 

Thrust structure 

440 

600 

700 

Total engine (lb) 

4/52 

7,586 

9,518 

T/W 

5.20 

0.59 

7.88 


PRA1 T & WHIINEY XNIWXlf) CFOMET NIHF 


ikuiiiiLii'tUi liL&glglii J iiiiifiliikx 

A WHglil Summary ol l hr XNH2000 lor Ihc Ihmsl le vels evaluated is shown I l»r thiust-lowcighl ratios lm thc.XNl<2000 air high 
relative l« oilier ronvcullmiul NlWE's. Sevuul iraliiit s mill Hl» if c lo (lie high I hi ust lo weight o t (he XNR2000, The XNU2000 can 
operate al a high power density because ol ll»f high murine Ifevlly ol the Omul luel and the lliemial lluKl mixing In the upper 
plenum. Itic last spectrum provides a compact cure with tin iModerator iimIciI.iI and the high strength rehuctory metal fuel 
element* allow a lightweight support sin id ore. llu- use ot ref ract my melhndn and the compact core design rertures required 
Shielding weight. Additionally, (he sepuialimi of (he reactor Into two legions allows (Itc use of » lightweight Mnlyhdr.il mil based 
matrix lu the outer core. These features of Ihe XNK2000 NTRli ( onlrlhule lo the higli thiusl-to weigh! 


199 


NTP: System Concepts 



CERMET APPROACH PROVIDES HIGH 
PERFORMANCE AND LOW RISK 




Thrust = 25,000 lb 
lsp = 900 sec 
T/W = 5.3 
Dia M ^ — 5.8 ft 
Stowed length = 1 1.0 ft 
Deployed length = 15.3 ft 


Thrust = 50.000 lb 
lsp -- 901 sec 
T/W = 6.6 
Dia Mn ,-83ft 
Stowed length = 12.4 ft 
Deployed length = 20.3 ft 


Thrust = 75.000 lb 
lsp = 897 sec 
T/W = 7.9 
Dia Mnt = 9.5 ft 
Stowed length * 12.0 ft 
Deployed length « 22.7 ft 


PRATT A WHITNEY XNR2000 CERMET NTRE 


25409 


Cemirl Apprnurli I'lovldts Hlf»li Itt lot mat ire and Iuiv Idsk 

A ciwirr|>lu;d NTHK. the XNH'2000. h;is Utii pirsrnUd Mint Is pmvnrd by a last sjK«lniui, tenud fueled » rad or core. Tlte 
baseline XNK'ilKK) system delivers 25.000 Ihf <*l I hind M a sped lie Impulse olOiM) snot ids and Ihinsl lo weight of 5.3. The 
(tlstliiRiilshln^ features nl this system air Hie dual pass ir.u lot mnflguralkm mid fast sped rum. rennet fueled read or These 
fratmvH have been tnnnporutrd Into tlir design. as wi ll as knowledge gained liotu lltr HOVKII/NKHVA. ISK7I0 and ANL piugiiim*. 
lo develop a safe and lulmst Nuclear Thermal Koehrl knglnc lot manned spare cfcploiallon missions 
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XNR2000 NEUTRON/CS ARE BENCHMARKED 
AND CONFIRMED 



• Design analysis methodology 

• Benchmark analysis and criticality summary 

• Power profiles 

• Reactivity and control system 

• Neutron and gamma-ray fluence 

• Inherent safety features 

PRATT & WHITNEY XNH2000 CERMET NTRE 


i 
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MODELS DEVELOPED TO ACCURA TEL Y 
PREDICT REACTOR NEUTRONICS 



gT] Inner core 
[ . ] Outer coie 



Radius - cm 


« 

8 

8 

9 

1 

4 

II 

7 

2 

5 

12 

7 

3 

iT 

13 

7 

to 

7 

[/' 

9 

9 

7 

7 

9 






1,2, 3, - Inner coie 
4, 5. 6. - Outer core 

7 * Radial reflector 

8 - Axial reflector 
9 -Void 

10 - Structural 
material 


Nuclear core 


Mixed cojo 
and reflector 


PRATT & WHITNEY XMR2000 CfcHMET NTRF 
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Marie ta itofa»iMiq:UrAviuritl£bf IYtdtii.licfa1w.Mci tUtmiis 

A three dimensional model of XNR2000 cure Is r1evrlo|H*d Tttiily radial and azimuthal regions and fi axial zones are used to model 
the details of (he Inner core. ll« outei coie. Ote InteiTacial cote reflector and Ihe lateral summit structure are included In the 
model. Six axial cones are used to address tire axial teni|>ei attire gradient In the tuner and the outer cores. Group average neutron 
cross-sections I'nr alt 180 legions are generated at Ihcli average operating trni|M‘i.dim*s. Kach region is divided lo tens of ftntle 
volumes lor the calculation o| fttix and elfecttve ««m»H t|>H« alimi lacloi 
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DESIGN ANAL YS/S METHODOLOG Y 
TAILORED TO FAST SPECTRUM 

• Multigroup cross-sections generated by COMBINE (ENDFB-V) 

• MCNP (4.2) used for complex geometries 

• BOLD VENTURE (3-D diffusion) used for power profile and reactivity 

• ANISN (l-D ,Sn) used for analysis of hetrogeneous boundaries 

• Results benchmarked with GE 710 testing 

• Results independently confirmed by D&W and ANL 

PFIA1 f & WHITNEY XNH2000 CERMET NIKE 254*4 



?!_»:«:( uuu 


The major neutronic design analysis louls used lor t ore physics studies include: 

COMBINE: A nmlligronp nrulron rross-srrllnn gntrinliun rode whleh combines the PlirttMi last neutron Ithiaiy with the 

INCm? I hernial iii-iilxm library (available tluattgU HSIC>. 

HOIJJ VENTURE: A nrulron dllhislon code (available (liroii^h RSK'J. 


ANISN: A 1-1) transport ISnl rmlc (available through RSK’J. 

MCNP: A Monte Carlo rode lor si or hast tr analysts o( the core ciUtcalHy. power dlstilhuUon and nrulron and gamma-ray 
doses (available llinmgli U\NL ami KbICJ. 
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VENTURE MODEL GENERA TED FOR GE 710 
MOCKUP 1A BENCHMARK 




.*» DOM I) 




Material list 

1 Core U, W f Ta, Al, 0 

2 Tube Sheet 303 SS 

3 Tube Sheet and Mo 303 SS, Mo 

4 Mo Transition Mo 

5 Mo Plug Mo, Ta, W 

6 Cladding Ta, W 

7 Re (.85), Al 

0 Shell 303 SS 
9 Transition Al 

10 Inner Reflector Zone Be (.05), Al 

1 1 Outer Reflector Zone Be (.90), A! 

12 Gap 


PRATT *. WHITNEY XNn2<XH) C.rRMFT NT Ml 


2M4*6 


Vent tire Mmid Gcircruled 1 oi GK710 Mockuu 1A llcntdiwnik 

(JE710 program Markup IA critical cnnliguralloii was used lo Irtnchwoik (lie III). Hi-gronp COMHINE/VENTURE and continuous 
energy MCNP 4.2 models Markup 1 A features core physfes chaTarlerlsHrs runipurahle wMh 25000 Itif XNR2000 engine design. 
The materials concentration and core dimensions are lukrn directly from Ihe GEMP 442 repoit. 
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OUTSTANDING PREDICTION ACCURACY 
/SHARD TO BELIEVE 



Kclulive ((ndial Power Piulile (13cm fimu reflected cud) 

0.0 | » • i 


4 0 


* 

o 

o. 


:i o 


a.u 


i.o 


• Mocknp I A 

VKNTUliH/rOMIMNH 



0.0 l 
0 0 


100 


20 0 


PRATT ft WIHTNEY XNR^OUU CERMET N THE Dial Mice from Center of Core (cm) 


30 0 


UuiataiKllmf Prediction Airui.icy 

VRNllJHR/COMniNR i olnikilrd value* of Hie nomi.ill/rd utdlul ;«twu pioUlt tumpmrs well wilt) I he t',R7IO r*|H*i tmcnfal rr*n||s 
UKI) rxDciliiirnlal and rak nlaled power piutilrs air iionnalixi ( | |o Hie | M nvn l.v.l ;,| || KT , ; „|lnl dlslan. e ol 2 cm I.o... (lie co,e 
centerline. Hie calculated values ol (lie radial power density hryond (he Iasi measurement point are not sliown. 'Ilie measured 
value of (he relative power density Is 4. 1 wlie.re (he COM01NK/VKNTIIUR cnk-tiliitctl maximum radial |>ower density is 8 3 The 
maximum power density close to the reflector Is veiy sensitive to the position. 
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VKN I UUK/C'OMHINK Cnlculul ion of (,'K 710 Mookup I A 



from Top Koflnotor (nu) 


UlMIMNIv/VhlVIinfl'; ntlnijiilnl mint* nl llir nvniij'r .ivlil puwri (MfiNIr r«ii|Mtrh mil H'Mll C 1 K/KI Murk'll) IA rim*i min ,1,1 1 

:uh 



NP-TIM-92 


©R!Ca'i\AL FAGS IS 

OF POOR QUALITY 



XNR2000 BASELINE CORE CRIT/CALLITY 
INDEPENDANTL Y CONFIRMED 


NP-TIM-92 


Venture/Combine MCNP MCNP MCNP 

(P&W) (P&W) (B&W) (ANL) 


Keff 1.0183 (24 groups) 1.021 1.025 1.007 

1.0183 (16 groups) 

1.0210 (12 groups) 

1.0601 (8 groups) 

1 .0559 ( 4 groups) 

• Good agreement between 2-D, 16 groups diffusion 

calculation and MCNP 

• Good agreement between independently performed 

MCNP calculations 

PRATT & WHITNEY XNR2000 CERMET Mint 


<*« M|||| lilt'd 


Hie 10 POMI JINK/ VK NTl IftE K,.|] «'al«'iilallon ol llir XNI(2(MK) run* nIiiiws will* MCNP vitinrti of 

K e fl. Prau Ik WliUiicy MCNP calrulatkm* aic lor a iiiliiiimmi ol tiOO.UOO hlslotirs. Huticock uiul Wilt ox ami Aiguiuie Nalkmal 
Labotulury ratrnlaUnim of XNR20O0 core K vt f arr Itaiusl «« a nUukiittm of 100,000 lilMotlcn. 11»r Mitall dlllcrence* Iwlwccti MCNP 
calculated results aic due to slightly diJtcMSil number densities and •-inssserllon lihiailes used. 
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OF POOR QUALITY 



16 GROUP ACCURATELY MODELS SPECTRUM 


I 


i f if i !M| I nt| » T1I| • ||*J T I M| I HI| I 1 H| t iri| i I M| i < ij i t njj 


wi'iS' ml 1 111] 
' if! 


I <i*t» f 

Ol .0* HI 1 • 


1 " W 


f III) I III 


I Hi) I HI 
*» 

* .»«»» 4i, . ... 

; j;| . ;t| 


\ ; i 


URANIUM ?1S »|»u 


f 




I III] I III) I Hl| I I llj I III) I III) I III) I Ul| I i»j I !Hj|j 

luMnsirM 'f*« 




I 


,r I h 

III) I III) I III) I III) I Hf| I III) nil) I Hi) Ml!| I Ml) 


MOlYHHhNOM 


I III) I III) I III) I I It) I III) I Ml) I Hl| I III) I III) < ill! 

hWW> IIHIYHIUM / 


t ti- in ' ,mi’i «i*t 

4 GROUP 


■v\ > III * ill : ilj I III) : !!l| ; >ll| IK 1 ) 1 


I Ilf p 


• GROUP 
u group 


I ’ l*i 

i ' rn • mi * i -’ 
-=-i-"T i«n • i ’! 1 n-i’iri 

r.noup HUMOEn 


'Hie selection of neutron enri^y j'lmips is iiillueninl hv Hie Inctilkm ol Isolated .mil non- isolated resnnniirrs of uranium, (iiii£*lrn, 

molylMtei jumI Hie cimi»*v Hircsliolil ioi the Ik- (n.'iu) iruthon With a eairlully srlerlril rneij»y pailHItm, 12 group catcul-.tlkm 

piuvcil hi he odrifiinh*. t he n|>Himiln ehnli-r of rtirigy paiUliuit Ini Hi esili tilailnll is shown and was used In all reartoi 

slmllcM. 
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RADIAL n.UX PnOFII ES 


1.00E *OOi, 

а. ooEoi 

б. 00E-01 
4.00E 01 
2. 00F-01 

O.OOE + 00 


l>— < l 


'Hw, 




** k\ 


' k 'Wy, , 


Group 1 

7.79 MeV - 16 905 MeV 


'V 


DIFFUSION 

TRANSPORT 


, nr) '*Li W 
0 8 1 


1.00E + 00I. iHj-n-i 

[ ■» 

8.00E-01 ! "Wy. . 

■y 


6.00E01 
4.00E-01 
2.00E 01 
O.OOE f 00 


Group 4 

Lj._MM.V-M7 M«V 




Group 10 

0.961 keV . 0.583 keV 


1.00E+03 
8.00E . 02 
6.00E . 02 
4.00E + 02 
2.00E + 02 

1 : j— 

O.OOE + 00 lV-o-tb-o- o-o n ■'»-< 

0 0.2 0 4 0 6 

7.00E • 06 , 

6.00E+06 I 
5.00E +■ 06 ! 

4.00E + 06 
3.00E + 06 
2.00E + 06 
1 00E r 06 

O.OOE ♦ 00**1 <1 I B -< I | ) • l I III ■ I I ■ ■ I ■ || |( M H II H (LI 1 * 
0 0.2 04 06 

RELATIVE DISTANCE 


,T."% 


lb 

— ■ 

1 


L. 


Group 15 
0.1 «V - 0.876 eV 


XNR2000 Recital Flux 

Rarllal Rux profiles for (lie XNR2000 baseline core ns piesenled Molii Iiuiis|>oi1 and diffusion Ihruiy are used lu calculate total 
neuliou llux lor energy groups 1.4. 10 and 16. The dlllrm.ee In the calculated value ot ilux at tlic vtctnlty ol the rci lector core 

. r C , a,) ': , r ,,,,a,IOn tlSrti 1,1 ,I,P < “ ,h, *‘ on ,hn,r V »»•««■ •* »h« a nmicble difference i»clweet» predicted 

values of flux for Inlciniediute and low enrifjy neutron groups in the rr Recto. 
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CONSTANT ENRICHMENT 
&P POWER PROFILE A T CRITICALITY 




Reactor 

Normalized 

location 

peak power 

Top 

.72 


.96 

Middle 

1.0 


.82 

Bottom 

.36 


Reflector 

raised 1016 cm 
Keff = 1 .000 


PRAII ft WllllNrY XMR?<XHH;PFIMPI nih» 


7*406 


Cuaatam EmlduunH ’AU-Tinm Prulik At CitthuUHjf 

Radial power prnOir al dllirrcnl axial location ol XNN'.KMX) rmr ten degree reflector segment* are raised (or 1 .010 cm In achieve 
KfH « t.O. Clicuitilcieitllal power lift at Ihr axial knalimi ni SO cm is <|itc in the taLscd rrllnloiii. 
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HIGH REFLECTOR WORTH ENABLES ROBUST 
BASELINE CONTROL APPROACH 



Reflector worth calculations 


Shutdown calculations 



PRATT & WHITNEY XNR2000 CERMET NTRE 


2550 1 


I M il fl Mmac Woftl i K i mb l es Ro bust Uasrlinc (<.nn„i Auniimii; 

The UnotH) ihl XNU2IMJ0 li.iscJhie riitfliit: Is |«mr tl v| | >v .« . «.ni,i;u i |.,m h im Ini. I hr mi- i U';ik;.«r hum (hr , ( ,ir in i he- 

re licet o i b very st^iillli mil. One ol Ihc "ininns hi • niun.l the ir.iiini is the axial movement ul llir Itr i rilcrt or sequent. s. 
relleclor segments (50 J ) c.ui he used l«r larde insrtiitni nl m-muive reactivity .mil re.utor shutdown. The rrllectur worth 
calculations were eondnrird as a Imirllmi nl distance raised lor a bank ol six Hi retie. t.,r sec men is Tlir shutdown calculation; 
were conducted lur sU 50 tellet-tor srjjmeuts 


-TIM-92 
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OF POOR QUALIT 


REACTOR DESIGN PROVIDES ROBUST 
REACTIVITY AND CONTROL MARGIN 



Reactivity effect 

Reactivity% ^ 

Temperature effect (30% 3000k) 

-.6 ±.3 

Fuel burnup (6000 mw-hr) 

-.1 ±.03 

Required excess Reactivity (maximum) 

+1.0 

Design excess reactivity 

2.0 ±0.5 

Control system requirements 

Installed reactivity (maximum) 

2.5 

Minimum scram requirements 

2.5 

Minimum required control system worth 

5.0 

Design control system worth 

10.0 
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UlMLilJl IJCiilL‘11 I ‘l DV ltll'S (<n: 


MiUiiiU 


COMBINE BOU) VENTURE computer code system is used to lalnilnic H*e rrmtlvHv riled due to operational temper rt wee and fuel 
buniup. temperature doss sections are generated and used to estimate the reactivity teiii|>eraiure etl'fcct at full power 
operational lemper.ilure A mt.il of 12 limits of (till pown operation is assumed to rah ulate tlie fuel tmmup nractivtly worth at Hie 
end of core We. 'Hie react wtty installed in the core ts m rxcess nf 2% whirl i is needed to compensate lor the loss of reactivity as Ule 
operation proceeds. Tlie design control system wtorih is about * 101o. 
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NP-TIM-92 



NP TIM'92 


CONSTANT ENRICHMENT 3-D POWER 
PROFILE WITH RAISED REFLECTORS 



Small reflectors raised 5 cm 
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Power Ilk line to the axial displacement r>| |pn device rcflrrloi se^meitls Is shown Ilk- 10 degree rr fieri or segments me raised by 
firm. The COM! JINK MOU) VKNTIIKK iniitpiilei i-imIi' system In used to rail ui.ilr :t t» dtstiUiiitkiti In the mid-core region 

] lie power |M*iikln^ at (lie ci»»v rruliul axis Is liM’ira.srd tlnr lo the Hlf'iilllraiil Irak age Inis ol nctil t hiih Ihimigli llif nnenliii! In Hie 
radial lellvelor. 
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ert^NAL PAOH is 

OF POOH QUALITY 


REACTOR HAS DESIRABLE NEGATIVE 
TEMPERATURE COEFFICIENT 



Inner Core Outer Core 



PRATT A WMlINfcY XNH 2000 CprtMCT Ntnr 


25503 


BcUcuUm Mus l* C3ir abk‘ lUYcJ'vHipcialitte.l 5o?B trier ii 

• Tfmppi aturr (urHlekrit of reactivity Is very sirntfl 

• Inner rote luel temperature coeJIklenl Is oi*e outer ol nuigliHiufe smaller than lire outer toie fuel temperature coefficient. 

• Outer core fuel temperature ts comparable will* IJK7I0 Markup 1A fuel leni|W>ialiiie nwflk'letil. 

XNR 2 (KX) 

Inner Core u ( f ) 220 Ok) s -8.0 x 10 8 AK/K 

K 

Outer Cure M {<> 'JT'OOkl -ti.H x Id ' 7 AK/K 

It 
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NP-HM-92 



ADEQUATE INTERNAL SHIELDING 
INCLUDED IN DESIGN 



Neutrons 

Fast neutron flux 
(E>1.0 mev) 
Intermediate energy 
neutron flux 
Thermal neutron flux 


XNR2000 
(8.012.0) x 10’° 

(2.41.6) x 10 12 

(3.61.9) x 10 11 


NASA limits 

2.0 x 10 12 

3.0 x 10 12 

6.0 x 10 11 


Gamma - rays 

Model results indicate gamma-ray fluence is very sensitive to system 
geometry. A refined estimation of gamma - ray fluence will require 
further definition of configuration and constraints 
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AtkuiiiiinJuiaitiUiiliiL-Jiliiii: liidmlnJ Ju Uratcii 

MCNP Is due l«i ratrul.dc I In: last, iiilmiirdlah* and llun ni.il iiculrmi fluxes il Hit* u|>|hm pail ol the core. Fast and thermal 
neutron fluxes arc slf'iililraiilly lower than the limits sperltied tnv the baseline design. Aren rale estimation of the gamma-ray flux 
al the upper pmi ot the vhudded core requite iiinte detailed information on llir upper core structural male rials 
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SUMMARY OF XNR2000 
REACTOR NUCLEAR DESIGN 


• State of the art analysis techniques employed 

to ensure design criticality, controllability and safety 

• High confidence provided by benchmark analysis 

and independent evaluations by B&W and ANL 

• Evaluation of all major reactor issues confirm 

advantages and flexibility of baseline approach 
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NP-TIM-92 



